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(54) MAGNETIC RECORDING MEDIUM 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a magnetic recording medium which is excellent in traveling durability without the 
increase of the coefft of friction and may be improved in electromagnetic conversion characteristics by improving the 
dispensability of particulate magnetic materials and the dispensability of particulate inorg. powder and decreasing low 
projections without changing the number of the relatively high projections of a magnetic layer surface. 

SOLUTION: This magnetic recording medium is formed by providing the surface of a nonmagnetic base with the magnetic layer 
formed by dispersing ferromagnetic powder into a binder or by further providing a lower layers coating layer contg. inorg. 
powder and the binder between the magnetic layer and the nonmagnetic base. In such a case, at least one binder of the binder 
in the magnetic layer and the binder in a lower layer coating layer are polyurethane reins including a cyclic structure and ether 
groups. When the projection height of every lOnm on the surface of the magnetic layer is measured by an atomic force 
microscope (AFM), the number M10 of the projections of the height of >10 to <20nm in a square sized 30 X 30^m is ^4000 
pieces and the number M20 of the projections of the height of >20 to <40nm is ^20 pieces and the ratio of M10/M20 is 10 to 
35. 
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?S> Jfi®J^^i^'^A^©^.:ti^"^A^7k?§?g. ffl|^;4<?g 

n6©*^?ft©^fln«> -e©^i>^c < 1 4>— gp^iiay- 
50 if-r h©ligi8yu42X{ctei:fSK{bSJCt;©Xg©jitti-c 



(7) 
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[0037] .-xi^v. ^^(c J: i) mmm<D p H®|^, 

<Lkx^^%.^-r:m^\tZ 5 0~5 0 0 -CcDffiH-CJnl^^Ki 

0 o~5 5 0*ccD2a@[ffiHTt?j)nM®7c3nfc© 

[0038] ±iB©lS})!i)d4^> Jg!{b^JteJ;c>Wtt«&5l5 

i£^. a-Al^O, < Cr,0, m<OWmti. iJ-^y 
[0039] ;^C(c:*:^B^*5^)i^^©JS^ic*jCt6TJB 

^mm.. ^mmmm., ^mim. ^m^im. 

mt-^i^LXltm^itaiJcMQ 0~ 1 0 0%©a-T 

;^5:^. /3-T;^5:^. r-T;U5:^-. m.it'r-(m. m 

fbS^. 5^^>;?7->'<-Y K{b^^f>. z:^^bS*« 
mit-i-r. g^fl:vy*ix'!7A. g?{b^>i/XT->. ^{b 

A. 5Sg^;^7;^vi?A. A. z:5S'fb*';-7'7=^> 40 

•3- jg«:W3EOt»©»-K{b9^5j>-c*s. cne^^fis 

t4l0^©¥±^iK[S«O. 0 0 5~2 /xm*W*Lt=>< > 

i^S©M^cS^N5ett«»5^*iH*^*D-J*fc»3. m!*©#^ 

C^h-V^?,, iO*DWSLC>©«^Nffittl&*©^l^ 
S[a«0. Ol/xm-O. 2Mm-e*>^. #ffiSttt&^© 
pHW6~9©Pda*Si^K:jif$L(,i, lffl814«95S©]t«H 50 



i^ga¥ 1 0- 1 24848 
12 

Q»l~100m'/K. »*K«5~5 Om»/g. 
MK»^0<»7~4 Om'/gr&^. ^NIK14*»*© 
.^^^•y-rXtJO. 0 I Mm~2 iLtm*W*l/l,»„ DB 
P?:fflt>/c8Rttfi«5~l OOml/lOOg. $?$L/ 
<W10~8 0ml/I00g> je{CW$U<«2 0-«- 
6 0 m 1 / 1 0 0 g -C*.S= tbMW 1 ~ 1 2 . tiftL< 

[0040] ctitb(04mmim(Dmm(D'j>fj:< t 

gP(C»A1,0i. SiOi. Tip,, ZrQ,. SnQ,, SbjQ, ZnOT 
1*S3tiTl>SCi*J^f5(tt*JlDj±-r^©rST* L/t». 
f^iC^J-tJttttCjffSL/l^OttAl.ft. SiQ,. TiQi. ZrQ. 

[004 1 ] T8(c^7-Ji<>:7'^ y i'^ig^SlfC^^ 
©^»-C*^«liffiJnfll : R s *Tlf -SC <t35S-e*S t 

<!:4>iC. ^M©-7-1'i?Pt'u':^-;^i!S^f#-5**5-c# 
•5, C©/cJst>tCW:iAffl7 7-*X^^-y i?. ^'Afflt*- 

©tb^WfflWl 00~50 Om'/g. iif^L<»l 5 
0~400m'/&. DBP®tta«2 0~4 0 Om 1 
/I 0 0 g> j!T*L<«3 0~2 OOml/l 0 0 gr* 

b<I0~50nm, 3 6(C/ff ^ L < » 1 0 ~4 0 nm-C^ 
•5. ;<7-Ji<>:/^-;/i'©pH«2~l 0. ^7k^(i0. 
1~10%, if-^:/ffiK»0. l-lg/ml. 

i LT«^ htt^. BLACKPEARLS 2 
000. 1 30 0. 1 000. 900. 800. 88 
0. 700. VULCAN XC-72. =m.itmt 

#30 50B. 3150B, 32 50B. #375 
OB. #3 95 0B. #950. #650B. #970 
B. #85 0B. MA-600. 3P>tT*-jJ^>tt 

CONDUCTEX SC. RAVEN 8800 00 
0,7000 750,5250500,2100 000,1800 500,1255 25 

0. T ^ v-ttiS^r ^ * > y E c i*s^if e> 

[0042] 3t:|%P©TJlK:«3S/c. SBttt&^^rffll^S 

Ci^j-CtS, mtt«0^<!:br«, r-Fe,03. Co 
^ttT-Fe,0,. a-F e^ifiS^a-i-rS^^. Cr 
0,^*iffll,»6n-5. i|#{C. Co^r-F e,0,*iW 
SUC^o 2f:^Hj©T)lKfflt,^6nS^S214l&^»±Jl?S 



13 

[0043] rmm^mtMtrm^^m&mo^uy'^ 
ii?tt^i> ^tJcSij. ^fln^j. mi ^t5:^ffi-e©ffett 

*5*-:> h:j-7ffiO. 2 SnrnCCtJC^rO . 1 ~ 2 0 nm, 57 
$ L < W 1 ~ 1 0 nmCDffiH i ^5 Sn/!:¥»tt^ W^T S 

[0044] :^mmmmemm.{^<om^ijmim^ 

§fSL<«eSttM(Dl£iift©JlJ»*S0. 0 5~5Mm© 
ffifflrt. ct'3»SO<W0. 0 7-1 /Ltm. MicJf^L 
<»0. 1-0. bum. S^>iffSO<«0. 1-0. 
3 u mK.t£i,X '> (C^Tp-r-S, C C-C«ISOfi8tt^l4'Sr 

F3- F3- F. nWih^- V. s-ri-^ 

:73-F. Xi'-rXn-F. ^aa-F. U>'^•-Xt^- 
F, F^>X7 T — P— ^Ua— F. y^b'ifn — 
F« ^^-rXhn-h, x^'U-fn-h. X 

Wji (HS«15 8¥5^3 1 B) *##{cr-#So 
[0045] 2|s:^B^?:Zjam:©«fiS©emi2«iStfciC 

p-;U. ^U-F. F.'l'->'3>^©^^Jiaic 
cfcO. *-rTB«:^^0. T«*i*l£^©R<^5^(C 

#^^1-4 6 1 8 6#<2:#B> !RfMBS6 0-2 38 1 7 9 
^^$B. 6 5 6 7 2-^iifE^iCll^Snr 
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(2) !|#BgilS6 3-8 80 8 0^^>«. #W^2-17 9 

7 1-^^$S, !|^M¥2-2 6 56 72-^4;:$R(CPa^f^3n 
J: ^ i'jr^^iJ^/gx y h 2 jiWT ^ — 3©^ 
Tft-N^, F(cJ;0±TB^S«laiB#{cM^iJ-r?>. 

(3) !|fgi¥2-l 7 49 6 5-^^{CP§^$n-Cl»-S 
^'jtS^^y i'T y7'P->'l'ftt©ii'X h;U-i;3>^ 

[0046] :^mM-cmi.>^fm^nt^(omxtm[i}i 
^<*©sstt^i4*i^^ft3nru^cc^®(c. mmu. 

-So iKfttRg^J-i brSS©^iS^i^f4-f>:*7-^">^7 ^ 
*€effl-r-5C<i:*i-C#. i/cife^^JiL-C«^hPt;l/ 

<i:*5-c^-5o ^cfc, ^N?att3t^^*©^att^if4*><tov^♦•y 
3 - F )i0^M*4©^7&ffi{cs«^JJi*iS:ct e. ni * r 
20 feJ:i^o 

[0 047] ^W?47/cei4M*4©^flJ)l«. SSe^f4 

:t«x-/^•-*^'>^^'-P-;^^c^A5flJffl3nSo 
^?tfbMa*^f ^ C i (c J: 0 . l£<iB#©^SiJ©^*(c J: 

*s[S]±-r-5©-c. m?S^#tt©^i<^fiS^ie»i«^?rt# 

-5Ci3!»5-C#So *L'>^^-ftO;SP--'l'<tUr»i^+ 

30 jj<y'f5F. >}<UT5F> j}<yr 5 F-r 5 F^©it 
S»tt:7'^x^-^i'p-^i/*fi6ffl-r5, */c^llP-;ur 

[0 048] ^^BjtDi^iasiiSfttt. a[B©c|i'i:^«i¥ 

t}'jV:irvmO. 2 5inm«:*j(,>r0. 1- 
4nni. jffi;L.<»l-3 ntn©ffiH 1 ^©ferfttlfc^ 

T. m«J:^0fc<fc'5«:^#^©?Si^ttl»*iife^J* 

40 3^- p-;u©iaa[* 6 0—1 0 0 'Comm. * u < « 

7 0-1 0 0'C©ffiH. 1f(cST$L/<»8 0-10 0°C 
©ffiHT* »5 > St)it 1 0 0 — 500 kq/an©MHt?* 

0. »SL<(* 200-450 kq/ctnCDiaH-C* 0 , # 
(C»*L'< 5* 300-400 \iQ/ai<Dmm<D^f^Vif-m 

3^fSc<i:^cJ:->■r^f^:>n•5c<^:3&s^^$bc^o »6n 
{cstWt c i^s-e* So 

[0 04 9 ] 

50 e>«:g¥i|ffl«:|jiwr-S, Wiffltctt. JWTfc^TSI^lSKmiB 
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rsiJj » rfiasBj «:a-r„ ^j:*5. *^««itci^ffl-r [ o o 5 o ] 



«1 JJiC«t^te7-f 9- 













0. 0 8 /im 

0. 3 um 


2 8 nVg 
2 0 BiVg 


61al/10Qg 
80nl/1009 



CO 0 5 1] ^10^ [*2] 

«2 /i^'J-^u^^WK 







A 


3. 673. Tg : 9 4TD 


^ mo 1 

PMKffcfcTv^-i^xy-^l'A 0, 6 

ecC2-t W/x«)awy7^(r-fo^ ^ y 0.05 
hy^?^a-A3^a/<> 0. 0 5 
-SO,r4a»(6. OxlO-W9> 


B 


5H«: 475. Tg : a&'C 


^ mo 1 

2. 5 

y9Jm 2. 7 
-SO,Na» (6. 5XlO-«eq/g) 



[0 0 5 2 ] fe^T. #B?affii©fie^iafliii«:{co(,^-c ★ mmm i - n 

^filtt^ili!i«&* 100 gp 

ffl^ FeAto= 1 0 0/30 OM^it) 

A 1 : 7. 1 

S i : 0. 8 

Y : 6. 5 

He 2 2 5 0 Oe. 



17 
as: 



CIO) 

5 6 ttf/q 
1 6 5 A 
0. 065 
5 

14 2 anu/g 
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Mm 



[0 0 5 3] 



H2|s:H23f>MMR- 1 1 0 

*2feis©A 

a-A1,(^ (¥l^fiiS0. 15/Lim) 
7^7- aiiHiS®A 

[0054] ±i2©^i|Sf4:i--7*>^-^^t?2ii»Ufc© 

nci4^- hL) =&5S|5m. $e>«:y5^Jl/X^;l/-!rh 20 

i^^'P-^+'y-y >S-&^4 OgP^rJra;?.. 1 Mm© 

^If^OJ^S^iO. 7 MmCC>SSJ:^tc. J?3 5. 5 Mm 
rei4Ji^flJffl©4''C^«*Bffi5*^0 .001 Mm©d< 

flje*^* /da?atfc^(c*>a ^ -fetoiBtc 3000 gcdss:^* 

fflfiS Fe/Co= 1 0 0/3 0 CM^tt) 

A I ■ 7. 1 

S i (M^%) : 0. 8 
Y m^%) : 6. 5 



1 1 



1 0 
0. 5 
1 

5 

1 2 0 
1 2 0 



gR 
gP 



* l-mEt 3 0 0 0 GCDBS;'?* 4)-:>V 

i,7 ^(DiJ Uy ■^'CU^S 0°C{C-C^5-jI2 0 Otn/min.t? 

[0 05 5] «T, T)a#^l58Ett)l«:W-rSfiS^H»«i* 

cmmm2-i'i 

10 0 gp 



He 
as: 



2250 
56 
1 6 5 
0. 0 6 5 
5 

142 



Oe. 
nf/q 

A 

Mm 



emu/g 



[0056] 



40 



Bjjs:-fe*:j->|$MR- 1 1 0 

^2BSig©A 
a-A1,Q, (Tl^aSO. 1 5 Mm) 
•J-(=y- aiiatgOA 



1 1 



0. 



1 0 
3 

1 
5 

1 2 0 
1 2 0 



gp 
gp 
gp 



gp 



gp 



Cii) 



19 
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20 



[0057] 



8 0 3! 



fiWS 0 
PH 



. 1 4 
55 
8 

1. 0 

27~38 qA00q> 



[0 0 5 8] 



16 mM 

DBPffiijftfi 8 0 mlAOOq 

pH 8. 0 

BETS{Cj:-SJ:b*S« 2 50 m'/g 
»^^3- 1.5% 



2 0 



[0059] 



B*H2*:t>i!IMR- 1 0 4 
a-AljCi (^pi^iKtSO. 15um) 

[006 0 ] ±ie<z)^*4©^n^n{cot)r . #rS;^* 

©<D^flr?SJc»5B[5Jjn;?.< ^hic-^tl^mcjt^jl^s.^ 
s^i' 0-^+1^^ >jM^?§J«4 Ogp^m. 1 

0. 2Mm{c^i:-5J:^tC. /?3 5. 5 jiim-Cfl^Jl^flj 
ffiOcti'C^^^ffitt^J&JO. 0 0 1 umCD^Ux?^^^:^ 40 

ttcUmi^miciii 5 ^{c 3 0 0 0 G©fiS:b*^>-:>3/^* 

l'>^X'U^8 0°C{C-C^ji2 0 Om/min.-C^!ia^:tf 
-eoMs »*0. 5 MmO/^'^»^'Ji=&^^U/c, 8 

fc. 

[0 06 1 ] C|ISS««I2-2] _t:)l7 ^^-A©fi^ 

1. oas^tofc. 50 



CJti^2-i] 
it /Co 
CJ:b*5^2-2D 

CJ:bl!H«2-3D 



1 2 gp 



5 



1 ^ 

. 5 SU 
I 

0 0 SB 
0 0 

5 0 

2-3] ±my 4 ^-Aom^z. ommsat 



)!l6W2-2illICiL./c. 
-5] T«©4<';'5b^'>^B{C^ML/« _h 



±J17 ^ ^-A©a€r3. OMSaUi 



BiC^Mt, ±)l7^9-«lliSF!l2-3i|S)G<!; t/c, 
[0 0 6 2 ] immm 3 D ±iB3l]te^2 ©±»©7^7- 
(A) * (B) (Cg*^;S.-C. f^eXt/c, 

[Ii*i{^3-i3 ±a7^^-B©fi^o. lasgpt 

L/C. 



C12) 



21 



ft. 

[00 6 3] immi^ ji*iW2- 

fflJS Fe/Co= 1 0 0/30 CM^Jt) 

A 1 : 1 0. 5 

8 
5 

2 3 0 0 
5 5 
1 5 0 
0. 05 
5 

14 5 emu/g 



Il)te0<2-3OTBJ»**3. O/titniU 



jUSM 2 -3<D* U > ^^-aS* 1 0 0 'C 



isst^ 6 ©d< u a? > ^ B CCi 



0, 
6, 



Oe . 
m'/q 
A 

ium 



||;te«a|6®5j<';'j;u3f>4B{c^|gt/ 30 



S i (11^%) 
Y 
He 

crs: 

[0064] «±or)J: ^ orff^n/cHJS^fc J;t>'J:k 

)a^Sfel5l«{CM<i^i'^/c. -e©f^. Ze i s sttS* 

[0 0 6 5] <ES14)l©affiffl2Ra >WYKOt± (U 
ST"; ^Ji-m M©7fe^^ 3 ^^TcfflS tl- r T O P O 3 



10 



20 



40 
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DJ «:ffl(,>r. fiSttg^S^M I RAUS-Ci|i5j2 5 0nin 
X 2 5 0 nni©ffi«<DR a L//c. S'J5£?S^S»iKl6 5 

Onm-CS5ffiffliE> RlgSffliE*»nA-Cl>S. 

<SS!/J^^'lia|^> 7=i^ -<> ;^ "J/ > tt©:^ v x 3 

-7-3 (AFM:M^^ra:*iiafcii) ^fflC^Ti^TOg 
©EgftS©S i N©JS^^f5e-5r> 3 0Mm¥-:^^ (9 
0 0 Mm' ) ©41©. SSt/MI|ai^3 4 Ontn$-ei OnmS 
{CSft/J^^©IS?:a'JS L/ . 10 ntnfeU: 2 0 nii*«©lS S 
©l^ia©^ : M, , . 2 0 nmliUi 4 0 nni*?i©ltf3 ©?l@ 
©15! : Mz.*5J:LKM,o/M„J:b^#fflO/c. 
[006 6] <«?iS^^!KFtt> 

ria^isso. 48 Sum. mj^zz um<omii v-y 

^Af-X^?:ffll>r. tiSftilSl 0. Zm/secTmtl^ 
i'J>e U/c. fflC^fc-^ f F W F e Jk^ F t? B s *n . 5 

<SM^tfe>4nin*©SUS4 2 0 J (C 1 8 OS©ft)g 

r-f— 1 0 g . #3i 1 8itin-cji»j3-a- 

:t ^ -©Si(ca':5t^T^M<^^^J?>/-c. 
M= (l/TT) 1 n (T2/1 0) T2 : gftffitriiii 
(g) 

<^if iiX&> f — 2 3 -C 7 0 % R H#Ha,-ca± 
^7-Y;l'Att^8mnbr7':t7'f + FUJ IX8=&10 
^-CS 1 0 ^ft?: 5 0 0 a^tf 3 -ti/cf^© K U 7'T -t; 
F ^S'JS O > ??!«© F a --^ T-r F *i e»ii^fc<l!K*ff 

[0067] 
[^3] 

iE3 











A 


B 




A 


A 




0. 5 


0. 5 




0. 7 


0. 7 




8 0 


80 


R a (n m) 


2. 4 


2. 5 




T 49 8 


2 8 17 


Mt, 


5 1 


4 9 




29 


5 1 


* (dB) 


0. 6 


-0. 5 




0. 2 8 


0.2 8 


KD'^rr':^ him 


6 1 


5 8 



[0068] 
[«4] 



(13) 1 0- 1 24 848 

23 24 

^4-1 mmz 







l«mif2-2 


mm2-3 






A 


A 


A 


B 




A 


A 


A 


A 


m 


A 

0. 3 


A 

1 . 0 


A 

7 n 


A 

1 . u 




0. 2 


0. 2 


0 7 




^^m^m^ (urn) 


1 . 0 


1 . 0 


1 • u 


1 n 




8 0 


8 0 


o u 


Q fk 

o U 


Ra (nm) 


2. 0 


2 0 


c. . o 




M,o 


3 0 3 


10 0 8 


3 2 0 0 


10 2 0 




2 2 


62 


I 5 I 


6 0 




1 4 


1 6 


2 1 


1 r 


:^ (dB) 


1, 3 


0. 9 


0. 5 


0. 9 




0. 2 8 


0. 2 6 


0. 1 9 


0. 2 6 




5 2 


40 


2 0 


45 



[00691 * * [^5] 

tiA-z ^ m a 2 







Jfc«50t|2-1 


Jt«»l2-2 


ifc«^2-3 




A 


A 


A 


B 




B 


A 


A 


8 




A 


A 


A 


A 


m 


K 0 


0. 05 


3. 0 


0. 3 


W&BW^ Cum) 


0. 2 


0. 2 


0. 2 


0. 2 




1, 0 


1. 0 


1. 0 


1. 0 


nuy^-'sm cc) 


a 0 


8 0 


8 0 


8 0 


R a (n m) 


2. 1 


2. 0 


2. 4 


2. 0 


Mto 


10 6 1 


1 6 9 


4 2 6 0 


12 15 


M>« 


6 2 


1 0 


2 3 0 


2 3 




1 7 


1 5 


1 9 


5 3 


tfi ^ (dB) 


0. 8 


1. 6 


-0. 1 


0. 5 




0. 2 6 


0. 3 4 


0. 1 9 


0. 2 9 


KD^-^-^T''^ him 


49 


3 6 2 


20 


1 0 0 



[0070] 
[^6] 



C14) 



25 

«4-3 « 2 



10-124848 

26 











B 


B 




B 


B 


m 
m 


A 

I . U 


A 

2. 0 




A 9 
U. C 


0. 2 




1 . 0 


1 . 0 


TJly^y — SBC \C} 


8 0 


8 0 


K a Inm^ 


2. 4 


2. 4 




^ n 9 1 

O If ^ 1 


o n o c 
O V C D 




6 0 


1 64 




50 


49 


:^ <dB) 


0 


-0. 9 




0. 2 6 


0. 1 9 


Ka .;rr7"> him 


4 0 


1 8 



* [007 1 ] 



10 



*20 

^5 ^ m ^ 3 





mm3-\ 






it|S«3-2 




A 


A 


B 


B 




A 


A 


B 


B 


m 


B 

0. 1 


B 

1. 5 


B 

0. 1 


B 

1. 5 




0, 2 


0. 2 


0. 2 


0. 2 




1. 0 


K 0 


1. 0 


1. 0 




8 0 


80 


80 


80 


Ra (nm) 


2. t 


2. 1 


2. 2 


2. 3 


Ml, 


85 t 


3 8 0 0 


2 5 10 


8 3 5 0 


Mt» 


3 t 


2 0 0 


33 


202 




2 T 


1 9 


76 


4 1 


as :tr (dB) 


1. a 


0. 3 


0 


-1. 0 




0. 2 7 


0. 1 8 


0. 2 8 


0. 1 9 




6 3 


2 1 


7 8 


20 



[0072] 
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27 28 

%6 mutm 4 . 5 







ium4 








A 


B 


A 


B 




A 


B 


A 


B 




A 


A 


A 


A 


ft 


1. 0 


1 . 0 


2 ft 


9 n 


ffltlB^ (^m) 


0. 6 


0. 6 


0 9 


fl 9 


imttffff^ (^m) 


1 . 0 


1 . 0 


n 

o ■ u 


Q A 

d . U 




8 0 


8 0 


Q U 


o U 


Ra (nm) 


2. 2 


2. 3 


7 n 






2 12 0 


4 5 3 0 


2 5 2 0 


5 7 9 5 


M,. 


9 2 


9 3 


1 2 0 


1 2 3 




23 


4 9 


2 1 


47 


A :^ (dB) 


0. 5 


-0. 5 


0. 3 


-0, 8 




0. 2 4 


0. 24 


0. 2 1 


0. 2 1 




35 


4 2 


6 2 


59 



[0073] 



«7 11^09 5 









9dmj 






A 


B 


A 


B 




A 


B 


A 


B 




A 


A 


A 


A 


m 


2. 0 


2. 0 


1. 0 


1. 0 




0. 2 


0. 2 


0. 2 


0. 2 




1. 0 


1. 0 


U 0 


1. 0 




1 00 


t 00 


80 


8 0 


R a (n m) 


2. 2 


2. 3 


2. 4 


2. 6 


M,o 


2 182 


4 9 6 5 


18 2 0 


4 3 2 0 


Mjo 


1 0 2 


1 1 0 


7 6 


74 




2 1 


4 5 
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